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7UDQVSRUW5HVHDUFK$UHQD±(XURSH
0RGHOIRUWKHSUHGLFWLRQRIUXWWLQJLQURDGVD1RUG)R8UHVXOW
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
D06F6ZHGLVK7UDQVSRUW$GPLQLVWUDWLRQ6(*RWKHQEXUJ6:('(1

$EVWUDFW
5XWWLQJLQURDGVLVDQLPSRUWDQWIDFWRUWKDWDIIHFWVWKHSHUIRUPDQFHRIDURDG$PRGHOXVHGWRSUHGLFWIXWXUHUXWWLQJ
IRUGLIIHUHQWGHVLJQDOWHUQDWLYHVLVLPSRUWDQWWRPLQLPLVHWKHLQYHVWPHQWFRVWDQG/&&
,QWKHSURMHFW³3DYHPHQW3HUIRUPDQFH0RGHOV3DUW3URMHFW/HYHO´DQHZURDGGHVLJQPRGHOHVSHFLDOO\XVHGWR
SUHGLFWIXWXUHUXWWLQJKDVEHHQGHYHORSHGDQGYDOLGDWHG7RJHWKHUZLWKWKH(XURSHDQWHVWPHWKRG(1
DQGVRPHRWKHUVWDQGDUGLVHGWHVWPHWKRGVWKLVPRGHOKDVEHHQYDOLGDWHGWRWKHDFWXDOUXWWLQJRIHLJKW±\HDUROG
/773URDGV
'XULQJWKLVYDOLGDWLRQWKHUHKDYHEHHQVRPHLQWHUHVWLQJILQGLQJV
x 7KH³6KDNHGRZQ7KHRU\´LVYDOLGIRUUHDOURDGVQRWRQO\IRUWULD[LDOWHVWVDQGWHVWURDGV
x 7KHUHLVDVWURQJFRQQHFWLRQEHWZHHQUXWWLQJURXJKQHVVDQGFUDFNLQJLQWKHVHURDGV
x 7KHPRVWLPSRUWDQWIDFWRUWKDWFRQWULEXWHVWRUXWWLQJLQDURDGLVWKHVKHDUVWUHVVOHYHO
x ,WLVSRVVLEOHWRDFFXUDWHO\SUHGLFWWKHUXWWLQJRQDURDGLIWKHVWUHVVOHYHOGRHVQRWH[FHHGWKH³3ODVWLF6KDNHGRZQ
/LPLW´
x :LWKWKLVNQRZOHGJHLWLVSRVVLEOHWRXVHDEHWWHUGHVLJQPHWKRGGXULQJWKHZKROHSURFHVV
x ,WLVDOVRSRVVLEOHWRSUHGLFWWKHSHUIRUPDQFHRIDURDGZKLFKVKRXOGEHEXLOWZLWKORFDODQGRUUHF\FOHGPDWHULDO
ZKLFKLVQRWDFFHSWHGRUGHVFULEHGLQWKHVWDQGDUGRIWKHFRXQWU\

3XEOLVKHGE\(OVHYLHU/WG6HOHFWLRQDQGSHHUUHYLHZXQGHUWKHUHVSRQVLELOLW\RI75$

.H\ZRUGV5RDGGHVLJQUXWSUHGLFWLRQ6KDNHGRZQ7KHRU\

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,QWURGXFWLRQ
7KH1RUGLF FRXQWULHV KDYH WRJHWKHU VSRQVRUHG D SURMHFW HQWLWOHG ³3DYHPHQW 3HUIRUPDQFH0RGHOV´
2QHDLPZDVWRYDOLGDWHPRGHOVWREHXVHGLQWKHGHVLJQRIQHZURDGV7KHYDOLGDWLRQKDVEHHQFDUULHGRXW
RQ HLJKW  ±  \HDU ROG/773 URDGV E\PHDVXULQJ WKHLU SHUIRUPDQFH7KH UHVXOWZDV VXFFHVVIXO$
PRGHOZKLFKLVHDV\WRXVHFRXOGEHXVHGWRSUHGLFWIXWXUHUXWWLQJLIWKHVWUHVVOHYHOZDVXQGHUDFHUWDLQ
IDWLJXH OHYHO WKH ³3ODVWLF 6KDNHGRZQ /LPLW´ DQG VKRZ WKH ULVN RI UXWWLQJ ZKHQ WKH VWUHVV OHYHO ZDV
DERYHWKLVOHYHO
7KH6KDNHGRZQWKHRU\
'XULQJ WKH \HDUV  WR  VHYHUDO UHVHDUFKHUV GHYHORSHG WKH 6KDNHGRZQ WKHRU\ IRU XQERXQG
IULFWLRQPDWHULDOV7KH\ IRXQGRQHVWUHVV OHYHO WKH ³3ODVWLF6KDNHGRZQ/LPLW´XQGHUZKLFK WKH UDWHRI
SHUPDQHQW GHIRUPDWLRQ GHFUHDVHV IRU HDFK ORDGLQJ )RU D VWUHVV VLWXDWLRQ DERYH WKLV OHYHO WKH UDWH RI
SHUPDQHQWGHIRUPDWLRQLVSURSRUWLRQDOWRWKHDPRXQWRIORDGLQJVXSWRDQRWKHUOHYHOWKH3ODVWLF&UHHS
/LPLW´ VHH )LJXUH  )RU D VWUHVV VLWXDWLRQ DERYH WKLV OHYHO WKH IULFWLRQ PDWHULDO FROODSVHV UHODWLYHO\
TXLFNO\
,QWKH(1VWDQGDUGVHHUHI>@WKHVHVWUHVVOHYHOVDUHGHILQHGDV³DUHDVRIVWUHVVOHYHO´
DQGEHWZHHQWKHVHOHYHOVDUHUDQJHVFDOOHG5DQJH$%DQG&
x ´5DQJH$´WKHUDWHRISHUPDQHQWGHIRUPDWLRQVLQXQERXQGIULFWLRQPDWHULDOGHFUHDVHVZLWKWKHDPRXQW
RIORDGLQJVDQGDSSURDFK]HURXQGHUWKH³3ODVWLF6KDNHGRZQ/LPLW´FRPSDFWLRQ
x ´5DQJH%´WKHUDWHRISHUPDQHQWGHIRUPDWLRQVDIWHUDFHUWDLQDPRXQWRIORDGLQJVZKHQWKHSHUPDQHQW
GHIRUPDWLRQGHFUHDVHVFRQWLQXHWREHXQFKDQJHGDQGLQSURSRUWLRQWRWKHDPRXQWRIORDGLQJVFUHHS
x ´5DQJH&´WKHUDWHRISHUPDQHQWGHIRUPDWLRQVLQXQERXQGIULFWLRQPDWHULDOLQFUHDVHVSHUORDGLQJIRU
DQLQFUHDVLQJDPRXQWRIORDGLQJVDQGTXLFNO\UHDFKHVWKHIDLOXUHIORZSRLQW
x 7KHVWDWLFIDLOXUHORDGIRUDQXQERXQGIULFWLRQPDWHULDOLVJUHDWHUWKDQWKHERUGHUOLQHEHWZHHQ³5DQJH
%DQG&´7KLVDOVRPHDQVWKDWLIWKHVWUHVVOHYHOJRHVDERYHWKHIDLOXUHOLQHWKHIULFWLRQPDWHULDOZLOO
EHSODVWLFLVHGZKLFKUHVXOWVLQDFKDQJHGVWUHVVGLVWULEXWLRQLQWKHURDGVWUXFWXUHVHH)LJXUH


)LJ3HUPDQHQWGHIRUPDWLRQVLQXQERXQGIULFWLRQPDWHULDOGHSHQGLQJRQWKHVWUHVVOHYHO
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5HVXOWVIURPWKH1RUG)R8SURMHFW³3DYHPHQW3HUIRUPDQFH0RGHOV´
,Q WKH 1RUGLF SURMHFW ³3DYHPHQW 3HUIRUPDQFH 0RGHOV´ HLJKW /773 URDGV ZHUH IROORZHG XS DQG
DQDO\VHGVHHUHI>@6RPHRIWKHUHVXOWVIURPWKHDQDO\VHVZHUH
x 7KH UDWH RI UXWWLQJZDV IDVWZKHQ WKH URDGVZHUH QHZ EXW LW GHFUHDVHG RYHU HDFK VXEVHTXHQW \HDU
$IWHUVHYHUDO\HDUVWKHUDWHRIUXWWLQJZDVFRQWLQXRXVIRUHDFK\HDUIRUPRVWRIWKHURDGVVHH)LJXUH
x 7KHDQDO\VHVRIWKHVWUHVVOHYHOLQWKHURDGVWUXFWXUHVKRZHGWKDWWKHVWUHVVOHYHOH[FHHGHGWKH³3ODVWLF
6KDNHGRZQ/LPLW´DQGGXULQJVRPHSHULRGVRIWKH\HDUDOVRWKH³3ODVWLF&UHHS/LPLW´
x )RUVRPHRIWKHURDGVHYHQWKHIDLOXUHOLPLWZDVH[FHHGHGVHH)LJXUH+RZHYHUWKLVFDQQRWEHZKDW
UHDOO\KDSSHQHGZKLFKLQGLFDWHVWKDWWKHPDWHULDOEHFRPHVSODVWLFLVHGVHH)LJXUH
x 7KHUHLVDVWURQJFRQQHFWLRQEHWZHHQUXWWLQJURXJKQHVVDQGFUDFNLQJLQWKHVHURDGV
7KHUHZHUH±WHVWVHFWLRQVRQHYHU\/773URDG$QLQWHUHVWLQJREVHUYDWLRQZDVWKDWWKHWHVW
VHFWLRQVZKLFKKDGWKHPRVWUXWWLQJDOVRKDGWKHPRVWFUDFNLQJDQGURXJKQHVV
$QRWKHULQWHUHVWLQJREVHUYDWLRQZDVWKDWWKHVKDSHRIWKHUXWWLQJJURZWKRQUHDOURDGV)LJXUHVDQG
LVWKHVDPHDVWKHVKDSHRIWKHGHIRUPDWLRQVVHHQLQWKHWULD[LDOWHVWLQJZKHQWKHVWUHVVOHYHOH[FHHGVWKH
³3ODVWLF6KDNHGRZQ/LPLW´)LJXUH$OVRWKHVKDSHRIWKHUXWWLQJJURZWKRQDUHDOURDGZLWKDVWUHVV
OHYHO EHORZ WKH ³3ODVWLF 6KDNH GRZQ/LPLW´ )LJXUH  KDV WKH VDPH GHIRUPDWLRQ VKDSH DV VHHQ LQ WKH
WULD[LDOWHVWLQJZKHQWKHVWUHVVOHYHOLVEHORZWKH³3ODVWLF6KDNHGRZQ/LPLW´)LJXUH
7KLVLVDVWURQJLQGLFDWLRQWKDWWKHVKDNHGRZQWKHRU\LVYDOLGIRUUHDOURDGV


)LJ,IWKHVWUHVVOHYHOH[FHHGVWKHVWUHQJWKRIWKHXQERXQGIULFWLRQPDWHULDO$WKHVWUHVVHVLQWKHVWUXFWXUHZLOOEHUHDUUDQJHG%
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
)LJ$QH[DPSOHRIDFWXDOUXWWLQJRQDQ/773URDG$OORIWKHLQYHVWLJDWHG/773URDGVH[FHSW5YLQ7UlGHWKDYHGHYHORSHG
WKHVDPHDPRXQWRIUXWWLQJ
(YLGHQFHIRUWKLVDOVRFRPHVIURPDQDFFHOHUDWHGIXOOVFDOHSDYHPHQWWHVWLQLQ1HZ=HDODQG$ODEDVWHU
HWDOVHHUHI>@7KHVHWHVWVVKRZHGWKDWWKHUHZHUHWZRNLQGVRIUXWWLQJRQHLQLWLDOUDSLGUXWGHYHORSPHQW
IROORZHGE\DVORZHUFRQWLQXRXVUXWGHYHORSPHQWRYHUWKHZKROHOLIHRIWKHSDYHPHQW
'HIRUPDWLRQVLQELWXPLQRXVDQGXQERXQGJUDQXODUPDWHULDO
$JUDQXODUPDWHULDOGHIRUPVLQGLIIHUHQWZD\VGHSHQGLQJRQWKHNLQGRIORDGLQJVHH)LJXUH
x &RPSDFWLRQWKHGHIRUPDWLRQLVVPDOODQGHODVWLFDQGWKHSUHVVXUHLVDOPRVWHTXDORQDOOVLGHVRIDSDUW
RIWKHVWUXFWXUH:LWKDPRGHUDWHGLIIHUHQFHEHWZHHQWKHSUHVVXUHVIURPGLIIHUHQWGLUHFWLRQVWKHUHZLOO
EHDUHODWLYHO\VPDOODQGOLPLWHGSHUPDQHQWGHIRUPDWLRQLQWKHPDWHULDODFRPSDFWLRQGHSHQGLQJRQD
GHQVHUVWUXFWXUH
x &UHHSWKHGHIRUPDWLRQFRQVLVWVRIDQHODVWLFDQGDSHUPDQHQWSDUWZKHQWKHUHDUHGLIIHUHQWSUHVVXUHV
IURPGLIIHUHQWGLUHFWLRQVLQRQHSDUWRIWKHVWUXFWXUHDQGZKHQWKHGLIIHUHQFHH[FHHGVDFHUWDLQOLPLW
7KHUHDVRQIRUSHUPDQHQWGHIRUPDWLRQVLVWKHUHDUUDQJHPHQWRIDQGVRPHWLPHVIUDFWXUHVRQWKHJUDLQV
LQWKHPDWHULDO
x 0DWHULDO IORZ WKH GHIRUPDWLRQ LV ODUJH DQG DOPRVW SHUPDQHQW ZKLFK GHSHQGV RQ WKH JUDLQV LQ WKH
PDWHULDO WKDW ³IORZ´ VLGHZD\V7KLV WDNHVSODFHZKHQ WKH UHODWLRQVKLSEHWZHHQ WKH FRPSUHVVLRQ DQG
VKHDU VWUHVV H[FHHGV D FHUWDLQ OLPLW 7KHPDLQ UHDVRQ IRU SHUPDQHQW GHIRUPDWLRQV LV WKLV ³VLGHZD\V
IORZ´

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
)LJD'HIRUPDWLRQGXHWRHTXDOSUHVVXUHIURPDOOVLGHVLVSXUHHODVWLFE3HUPDQHQWGHIRUPDWLRQGXHWRDJUHDWHUSUHVVXUHIURP
WZRRSSRVLWHVLGHVLVPXFKELJJHUF:LWKDODUJHDPRXQWRISUHVVXUHIURPWZRRSSRVLWHVLGHVYHUWLFDOSUHVVXUHDQGDODUJH
PRLVWXUHFRQWHQWWKHUHFDQEHYHU\ODUJHSHUPDQHQWGHIRUPDWLRQVRYHUDVKRUWSHULRGRIWLPHDQGWKHPDWHULDOWKHQ³IORZV´
6RPHHYLGHQFHIRUWKLVLV
x :KHQLWLVORDGHGZLWKDKHDY\ZKHHODQDVSKDOWSDYHPHQWDFWVOLNHDSODWH7KLVPHDQVWKDWWKHSODWH
JHWDPRPHQWZKLFK LQ WXUQPHDQV ODUJHKRUL]RQWDOSUHVVXUHVRQ WKH WRSRI WKHSDYHPHQW7RJHWKHU
ZLWKWKHYHUWLFDOSUHVVXUHIURPWKHZKHHOWKLVPHDQVWKDWDVLPLODUDPRXQWRISUHVVXUHLVJLYHQWRDOO
VLGHVRQDSDUWRIWKHVXUIDFHRIWKHSDYHPHQW$WDGHHSHUOHYHOIURPWKHVXUIDFHWKHSDYHPHQWJHWV
PRUHVKHDUVWUHVV2QHSLHFHRIHYLGHQFHIRUWKLVLVDODUJHLQYHVWLJDWLRQRQWKHWHVWURDGVLQ0Q52$'
ZKLFKVKRZVWKDWWKHUHLVQRSHUPDQHQWGHIRUPDWLRQRQWKHVXUIDFHRIDSDYHPHQWVHHUHI>@
x $ ODUJH LQYHVWLJDWLRQ IURP 6,17() LQ1RUZD\ ZKLFK LV EDVHG RQ D ORW RI WULD[LDO WHVW UHVXOWV KDV
SRLQWHGRXWWKDWXQERXQGIULFWLRQPDWHULDOLVSXUHHODVWLFZKHQWKHVKHDUVWUHVVOHYHOLVEHORZDFHUWDLQ
OLPLW)XUWKHUWKHUHVXOWVVKRZVVLPLODUOLPLWVIRUGHIRUPDWLRQDVVHHQLQWKH6KDNHGRZQ7KHRU\VHH
UHI>@
x $QDQDO\VLVRIDOOWKHPRGHOVIRUFDOFXODWLRQRISHUPDQHQWGHIRUPDWLRQVZKLFKKDYHEHHQLQYHVWLJDWHG
LQWKH1RUG)R8SURMHFW³3DYHPHQW3HUIRUPDQFH0RGHOV´VHHUHI>@JLYHVWKHUHVXOWWKDWQRRUYHU\
VPDOOSHUPDQHQWGHIRUPDWLRQVWDNHSODFHDWHTXDOSUHVVXUHIURPDOOVLGHVı ı ı7KHVHPRGHOV
KDYHEHHQHYDOXDWHGIURPWULD[LDOWHVWUHVXOWV
x $ UHVHDUFK SURMHFW RQ 977 LQ )LQODQG SRLQWV RXW WKDW WKH SUHGRPLQDQW UHDVRQ IRU SHUPDQHQW
GHIRUPDWLRQVLQXQERXQGJUDQXODUPDWHULDOLVWKHVKHDUVWUHVVOHYHOLQWKHURDGVWUXFWXUHVHHUHI>@
0DWHULDOPRGHOVXVHGWRSUHGLFWUXWWLQJ
$VDEDVLVIRUWKHGHYHORSPHQWRIDV\VWHPRIPRGHOVXVHGWRSUHGLFWWKHIXWXUHSHUIRUPDQFHRIDURDG
UHVHDUFKUHVXOWVIURP0(3'*'HVLJQ*XLGH86$VHHUHI>@6$0$5,6/&3)UDQFHVHHUHI>@
DQG RWKHU UHVHDUFK SURMHFWV KDYH EHHQ XVHG .QRZOHGJH DQG H[SHULHQFH IURP WKH (1 
VWDQGDUG³&\FOLFORDGWULD[LDOWHVWIRUXQERXQGPL[WXUHV´VHHUHI>@KDYHDOVREHHQXVHG
0DWHULDOPRGHOVXVHGWRSUHGLFWUXWWLQJDUHVHQVLWLYHGXHWRWKHVKHDUVWUHVVOHYHOLQGLIIHUHQWSDUWVRID
URDGVWUXFWXUH7ZRPDLQIDFWRUVKDYHDQLPSRUWDQWLQIOXHQFHRQWKLVVWUHVVOHYHO
x 7KHQRQOLQHDUEHKDYLRXURIXQERXQGIULFWLRQEDVHPDWHULDOV
x 7KHHODVWLFLW\PRGXOXVIRUDVSKDOWSDYHPHQWVDWGLIIHUHQWWHPSHUDWXUHV
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)URPWKHFKRVHQPRGHOVLWLVREYLRXVWKDWWKHHODVWLFVKHDUVWUHVVOHYHORUHODVWLFVKHDUVWUDLQOHYHOLQ
DURDGVWUXFWXUHKDVDQLPSRUWDQWLQIOXHQFHRQWKHSHUPDQHQWGHIRUPDWLRQV7KHIROORZLQJPRGHOVKDYH
EHHQXVHGWRSUHGLFWWKHHODVWLFVWUHVVVWUDLQOHYHOLQDURDGVWUXFWXUH
x 7KH DVSKDOW PDWHULDO LV DVVXPHG WR ZRUN DV D OLQHDU HODVWLF PDWHULDO İU  ı0U ZKHUH WKH UHVLOLHQW
PRGXOXV 0U LV VWURQJO\ GHSHQGDQW RQ WKH WHPSHUDWXUH RI WKH DVSKDOW 7KLV PHDQV WKDW WKH VWUHVV
VLWXDWLRQ LQD URDGVWUXFWXUH LVYHU\GLIIHUHQWDWGLIIHUHQW WHPSHUDWXUHV%HFDXVHRI WKLVEHWZHHQILYH
DQG QLQH GLIIHUHQW FDOFXODWLRQV RI WKH HODVWLF VWUHVVVWUDLQ KDYH EHHQ PDGH IRU WKH GLIIHUHQW
WHPSHUDWXUHV 7KH UHVLOLHQW PRGXOXV RI DQ DVSKDOW SDYHPHQW KDV EHHQ SUHGLFWHG IRU GLIIHUHQW
WHPSHUDWXUHVZLWKKHOSRIWKH,QGLUHFW7HQVLOH7HVW,'7RQFRUHVWDNHQIURPWKHUHDOSDYHPHQW
x 7KHXQERXQGIULFWLRQPDWHULDOVDUHDVVXPHGWRZRUNDVQRQOLQHDUHODVWLFPDWHULDOV7KHPRGHOZKLFK
KDVEHHQXVHGIRUWKLVEHKDYLRXULVWKH.±șPRGHOZKHUHWKHUHVLOLHQWPRGXOXV0ULVGHSHQGHQWRQ
WKHVWUHVVOHYHOLQWKHPDWHULDO0U .āș.DQGİU ı0UĬ ıııZKLFKLVWKHVXPRIWKH
SULQFLSDO VWUHVVHV DQG. DQG. DUHPDWHULDO FRQVWDQWV WKDW KDYH EHHQ FDOFXODWHG IURP WULD[LDO WHVW
UHVXOWV
x 7KHVXEJUDGHPDWHULDO LVQRUPDOO\DVVXPHGWREHDOLQHDUHODVWLFPDWHULDO2QHUHDVRQIRUWKLVLV WKDW
WKHH[WUDVWUHVVGHSHQGLQJRQORDGLQJIURPWUDIILFLVORZ$QRWKHUUHDVRQLVWKDWPDWHULDOVOLNHFOD\DQG
VLOW\ IULFWLRQPDWHULDOVZLWK KLJKZDWHU FRQWHQW DUH DOPRVW OLQHDU HODVWLF7KH UHVLOLHQWPRGXOXVKDV
EHHQPHDVXUHGZLWK)DOOLQJ:HLJKW'HIOHFWRPHWHU):'
0HDVXUHPHQWVRQ WKH WHVWHG/773URDGVVKRZWKDWPRVWRI WKHSHUPDQHQWGHIRUPDWLRQV LQ WKHURDGV
WDNHSODFHLQXQERXQGIULFWLRQPDWHULDOV7KHHODVWLFVWUHVVHVSHFLDOO\WKHVKHDUVWUHVVKDVDQLPSRUWDQW
LQIOXHQFHRQWKHSHUPDQHQWGHIRUPDWLRQVLQDQXQERXQGIULFWLRQPDWHULDO7KLVPHDQVWKDWLWLVLPSRUWDQW
WRFDUU\RXWDUHDOLVWLFFDOFXODWLRQRIWKHHODVWLFUHVSRQVHLQDURDGVWUXFWXUH7KHUHVSRQVHPRGHOVKRXOG
IXOILOWKHIROORZLQJGHPDQGV
x 7KHPRGHOVKRXOGEHUHOLDEOHDQGJLYHDJRRGSUHGLFWLRQRIWKHHODVWLFUHVSRQVHLQDURDGVWUXFWXUH,Q
WKHGHVFULSWLRQRI0(3'*WKH$%$486'ILQLWHHOHPHQWSURJUDPLVGHVFULEHGDVWKHSURJUDPWKDW
JLYHVWKHPRVWUHDOLVWLFSUHGLFWLRQVVHHUHI>@
x ,WVKRXOGEHSRVVLEOHWRXVHWKHPRGHOZLWKRXWDQ\SUHYLRXVNQRZOHGJHRIILQLWHHOHPHQWPRGHOOLQJ,W
VKRXOGDOVREHSRVVLEOHIRUDFRQVXOWDQWWRXVHWKHPRGHOIRUVLPXODWLRQVRIGLIIHUHQWURDGVWUXFWXUHVRQ
D UHDOSURMHFW7KLVDOVRPHDQV WKDW WKH WLPH WDNHQ WR ORDGGDWDDQGDQDO\VHRXWSXWGDWDVKRXOGEHDV
VKRUWDQGHDV\DVSRVVLEOH
x ,WVKRXOGEHHDV\WRXVHWKHRXWSXWGDWDIURPGLIIHUHQWVLPXODWLRQV
x ,WLVRIYDOXHLIWKHPRGHOFDQVLPXODWHWKHUHDOJHRPHWU\RIWKHURDGZKLFKJLYHVPRUHUHDOLVWLFUHVXOWV
7KHRQO\SURJUDPZH IRXQGZKLFKFRXOG IXOILO WKHVHIRXUGHPDQGVZDV9lJ)(0VHH UHI >@7KLV
SURJUDPPD\EHEULHIO\GHVFULEHGDVIROORZV7KHLQSXWGDWDFRPSULVHURDGJHRPHWU\WKLFNQHVVRIOD\HUV
SRVLWLRQ RI ORDGLQJ HODVWLFLW\PRGXOXV IRU WKH ELWXPLQRXV ERXQG OD\HUV DQG OLQHDU HODVWLF RU QRQOLQHDU
HODVWLF UHVLOLHQW PRGXOXV 05   .Ĭ. IRU WKH XQERXQG OD\HUV 7KH ZHLJKW RI WKH URDG PDWHULDO LV
LQFOXGHG LQ WKH PRGHO 9lJ)(0 LV EXLOW RQ PRGXOHV IURP$%$486 ZKLFK LV DOVR WKH SURJUDP WKDW
FDUULHVRXWWKHFDOFXODWLRQV7KHRXWSXWGDWDFRPSULVHGDWDRIHODVWLFVWUHVVHVDQGVWUDLQVLQGLIIHUHQWSDUWV
RIWKHURDGVWUXFWXUH
$OO LQSXWGDWDIRURQHFKRVHQURDGVWUXFWXUHWDNHVOHVVWKDQPLQXWHVWRORDG,WWDNHVWKHFRPSXWHU
EHWZHHQPLQXWHVWRRQHKRXUWRFDOFXODWHWKHHODVWLFUHVSRQVH
9lJ)(0 DOVR LQFOXGHV DQ ([FHO SURJUDP WR SUHGLFW SHUPDQHQW VWUDLQ ZLWK IRXU GLIIHUHQW PDWHULDO
PRGHOV7KLVSURJUDPPDNHVDVXPPDWLRQRISHUPDQHQWVWUDLQWRDSUHGLFWHGUXWWLQJZLWKFRQVLGHUDWLRQ
WRWKHGLIIHUHQWFRQGLWLRQVGXULQJWKH\HDUVVXFKDVWHPSHUDWXUHPRLVWXUHDQGDPRXQWRIORDGLQJV1
7KHPRGHOLQ0(3'*IRUWKHSUHGLFWLRQRISHUPDQHQWGHIRUPDWLRQVLQELWXPLQRXVERXQGPDWHULDOVLV
LQLWLDOO\EDVHGXSRQWKHVWDWLVWLFDODQDO\VLVRIWULD[LDOWHVWVZKLFKKDYHJLYHQ

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İSİU Dǜ1Dǜ7D
:KHUH
HS  $FFXPXODWHGSODVWLFVWUDLQDW1UHSHWLWLRQVRIORDG
HU  5HVLOLHQWVWUDLQRIWKHDVSKDOWPDWHULDO
1  1XPEHURIORDGUHSHWLWLRQV
7  7HPSHUDWXUH
DL  1RQOLQHDUUHJUHVVLRQFRHIILFLHQWV
$IWHUUXQQLQJWKH0Q52$'FHOOVWKHSUHGLFWHGUXWGHSWKDVDIXQFWLRQRIGHSWKZLWKLQWKH$&OD\HU
ZDV FRPSDUHG ZLWK WKH PHDVXUHG UXW GHSWKV IURP WKH WUHQFK VWXG\ 8VLQJ WKHVH UHVXOWV DQ HPSLULFDO
PRGHOZDVGHYHORSHG WRFRUUHFW WKH UXWWLQJPRGHO WR UHIOHFW WKH VDPH WUHQGVRI WKHPHDVXUHG UXW LQ WKH
DVSKDOWOD\HUVDVDIXQFWLRQRIGHSWKZLWKLQWKH$&OD\HU7KLVPRGHOKDVEHHQXVHGLQWKLVSURMHFW
/&3& KDV GHYHORSHG ³$ QHZ DSSURDFK IRU LQYHVWLJDWLQJ WKH SHUPDQHQW GHIRUPDWLRQ EHKDYLRXU RI
XQERXQGJUDQXODUPDWHULDOXVLQJWKHWULD[LDOWHVWV´VHHUHI>@
7KLVPRGHOFDOOHGWKH*LGHOPRGHOFRQVLVWVRIWKHIROORZLQJHTXDWLRQ

RU 
:KHUH
İS   3HUPDQHQWD[LDOVWUDLQ
SPD[TPD[  0D[LPXPYDOXHVRIWKHPHDQQRUPDOVWUHVVSDQGGHYLDWRU\VWUHVVT
1   1XPEHURIORDGF\FOHV
1   5HIHUHQFHQXPEHURIORDGF\FOHV

SD   5HIHUHQFHSUHVVXUHHTXDOWRN3D
6DQGPDUHSDUDPHWHUVIRUWKHIDLOXUHOLQHRIWKHPDWHULDOLQWKHHTXDWLRQT PSVIURPH[SHULHQFH
P WRDQG6 ±N3D
%DQGQDUHSDUDPHWHUVZKLFKKDYHEHHQHYDOXDWHGIURPODERUDWRU\WHVWV
7KHPRGHOFRQVLVWVRIRQHSDUWI1ZKLFKGHVFULEHVWKHLQIOXHQFHIURPWKHDPRXQWRIORDGF\FOHVDWD
FHUWDLQ VSRW DQG WZR SDUWV ITS DQG ITSZKLFK GHVFULEH WKH LQIOXHQFH IURP WKH VWUHVV OHYHO DW D
FHUWDLQVSRW,QWKLVPRGHOWKHUHLVQRSDUWWKDWGHVFULEHVWKHLQIOXHQFHIURPFUHHS
7KH*LGHOPRGHOKDVRQHSDUWITSRUPVSPD[±TPD[SPD[ZKLFKEHFRPHV]HURIRUDVWUHVVOHYHO
DWWKHIDLOXUHERUGHU7KLVJLYHVYHU\KLJKYDOXHVRIWKHSHUPDQHQWGHIRUPDWLRQVIRUVWUHVVOHYHOVFORVHWR
WKLV ERUGHU $ VOLJKW FKDQJH IRU H[DPSOH IURP  WR  ZKLFK LV IDU RXWVLGH WKH WROHUDQFH IRU
FDOFXODWLRQV JDYH WKHGRXEOHSHUPDQHQW GHIRUPDWLRQ LQ WKLVPRGHO7KLV LV WKH UHDVRQZK\ ITS KDV
EHHQJLYHQDFHUWDLQOLPLWDWLRQLQWKHDQDO\VLVLQWKH1RUG)R8SURMHFW
7HVWPHWKRGV
7KHHODVWLFSURSHUWLHVRIWKHDVSKDOWSDYHPHQWGLIIHUJUHDWO\GHSHQGLQJRQKRZZDUPWKHSDYHPHQWLV
7KHUHIRUHWKHVWUHVVOHYHOLQWKHXQERXQGEDVHPDWHULDOLVGLIIHUHQWLQGLIIHUHQWVHDVRQV
$PHWKRG WRGHWHUPLQH WKHHODVWLFG\QDPLFPRGXOXVDQGSKDVHDQJOH IRUELWXPLQRXVERXQGPDWHULDO
KDVEHHQGHYHORSHGE\1RUWK&DUROLQD6WDWH8QLYHUVLW\1&687KHWHVWFDQEHGRQHRQGULOOHGRXWFRUHV
IURP DQ H[LVWLQJ SDYHPHQW RQ VLWH$OO WHVWV KDYH EHHQ FDUULHG RXW E\ XVLQJ WKH ,'7PHWKRG7KH WHVW
PHWKRG IRU WKHGHWHUPLQDWLRQRI SDUDPHWHUV LQ WKHSHUPDQHQW GHIRUPDWLRQPRGHO LV WKH WULD[LDO WHVW LQ
DFFRUGDQFHZLWKWKH(1VWDQGDUGWHVWPHWKRG%
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$OOFKRVHQPRGHOVLQWKLVLQYHVWLJDWLRQKDYHDPDLQEDFNJURXQGLQWKHVWXG\RIUHVXOWVIURPWULD[LDO
WHVWLQJ$OOWHVWVIRUWKHGHWHUPLQDWLRQRIWKHSDUDPHWHUVLQWKHPRGHOVKDYHEHHQGRQHZLWKWULD[LDOWHVWV
ZKHUHWKHPHWKRGLVGHILQHGLQ(1WKH(XURSHDQVWDQGDUGIRUWULD[LDOWHVWLQJVHHUHI>@
&DOLEUDWLRQRIWHVWURDGVHFWLRQV
7KHSUHGLFWLRQVKDYHEHHQGRQHZLWKWKHIROORZLQJSUHUHTXLVLWHVWHVWUHVXOWVDQGPHDVXUHPHQWV
x ,QSXWGDWDIURPWULD[LDOWHVWVRQELWXPLQRXVERXQGPDWHULDOIURPWKH(LQ+DOODQGKDVEHHQXVHGLQDOO
SURMHFWV6ZHGLVKDVSKDOWSDYHPHQWVKDYHUDWKHUVLPLODUSURSHUWLHVDQGLWZDVGLIILFXOWWRWDNHVDPSOHV
ZKHUHWKHSDYHPHQWZDVWRRWKLQFP7KHSDUDPHWHUVLQ7DEOHFRPHIURPWKLVWHVWDQGWKHVH
SDUDPHWHUVFRXOGEHXVHGDVVWDQGDUGSDUDPHWHUVLQWKHVDPHZD\DVLQ0(3'*VHHUHI>@
x ,QSXWGDWDIURPWULD[LDOWHVWVRQWKHEDVHPDWHULDOVIURPWKHUHDOURDGVKDYHEHHQXVHGLQDOOSURMHFWV
H[FHSWWKH(LQ+DOODQGZKHUHWKHSURSHUWLHVKDYHEHHQHVWLPDWHG
x 7KHUHKDYHEHHQVSHFLDO WHPSHUDWXUHPHDVXUHPHQWVZKLFKKDYHEHHQWKHEDVLV IRUWKHFDOFXODWLRQRI
WKHHODVWLFLW\PRGXOXVRIWKHDVSKDOWOD\HUV
x 7KHFDOFXODWLRQVKDYHEHHQGRQHIRUILYHWRQLQHGLIIHUHQWWHPSHUDWXUHLQWHUYDOV7KHDPRXQWRIKHDY\
WUDIILFLQHDFKLQWHUYDOKDVEHHQHVWLPDWHGIURPWHPSHUDWXUHPHDVXUHPHQWV7KHWUDIILFLVQRWDVLQWHQVH
RQDURDGGXULQJWKHQLJKWZKHQWKHWHPSHUDWXUHLVORZHU7KHUHIRUHDQDGDSWDWLRQKDVEHHQGRQHZLWK
FRQVLGHUDWLRQWRWKHPHDVXUHGGLVWULEXWLRQRIWUDIILFEHWZHHQGD\WLPH±DQGQLJKWWLPH
±7KHHODVWLFLW\PRGXOHVIRUWKHDVSKDOWSDYHPHQWDWGLIIHUHQWWHPSHUDWXUHVKDYHEHHQ
PHDVXUHGZLWK,'7
x 7KH GLIIHUHQW WHPSHUDWXUH LQWHUYDOV IRU  RU  \HDUV DUH VLPXODWHG WR KDSSHQ LQ RQH \HDU 7KLV
VLPSOLILFDWLRQKDVQRJUHDW LQIOXHQFHRQ WKH ILQDO UHVXOW LQDFFRUGDQFH WRDOWHUQDWLYHSUHGLFWLRQV WKDW
KDYHEHHQPDGH7KHFDOFXODWLRQVVWDUWZLWKWKHFROGHVWSHULRGDQGWKHQWKHFDOFXODWLRQLVGRQHVWHSE\
VWHS IRU WKH FORVHVW KLJKHU WHPSHUDWXUH LQWHUYDO $ VLPLODU FDOFXODWLRQ WKDW VWDUWV ZLWK WKH ZDUPHVW
WHPSHUDWXUHZKLFKPDWKHPDWLFDOO\VKRXOGJLYHWKHKLJKHVWSRVVLEOHGHIRUPDWLRQJLYHVRQO\±SHU
FHQWKLJKHUSHUPDQHQWGHIRUPDWLRQ
x 1RFRUUHFWLRQLVGRQHIRUWKHDJHLQJRUIDWLJXHRIWKHDVSKDOWPDWHULDO5HVXOWV IURP,'7WHVWVRQDOO
URDGVLQGLFDWHWKDWWKHLQFUHDVHLQHODVWLFLW\PRGXOXVGHSHQGLQJRQDJHLQJLVRIWKHVDPHPDJQLWXGH
DVWKHGHFUHDVHGHSHQGLQJRQIDWLJXH
x 2QHDVVXPSWLRQLQWKLVSURMHFW LV WKDWQRSHUPDQHQWGHIRUPDWLRQVDULVHZKHQWKHURDGLVIUR]HQOHVV
WKDQ]HURGHJUHHV
x 6RPH RWKHU IDFWRUV ZKLFK LQIOXHQFH WKH UXWWLQJ DUH WKH PRLVWXUH FRQWHQW LQ WKH XQERXQG IULFWLRQ
PDWHULDOV KRZ H[SRVHG WKH DVSKDOW VXUIDFH LV WR GLUHFW VXQVKLQH HDUOLHU WUDIILF RQ WKH ELQGLQJ OD\HU
EHIRUHWKHZHDULQJFRXUVHLVSODFHGDQGWKHDFWXDOD[OHORDGVHWF

7DEOH3DUDPHWHUVIRUWKHFDOFXODWLRQRISHUPDQHQWGHIRUPDWLRQVLQELWXPLQRXVERXQGOD\HUV
7ULD[LDOWHVWYDOXHV D D D
5RDG(   

5HVXOWVIURPWKHIROORZLQJWKUHHURDGVDUHSUHVHQWHGKHUH
x 0RWRUZD\(LQ+DOODQGZLWKDPPWKLFNDVSKDOWSDYHPHQWDQGDQPPEDVHRQDVXEJUDGH
RIVDQG\FOD\7KHDFFXPXODWHGWUDIILFORDGSHUODQHRYHU\HDUVLV1HNY PLOOLRQKHDY\D[OHV
WRQ5HVXOWVIURPSUHGLFWLRQDQGPHDVXUHGUXWWLQJVHH7DEOH
x 5Y LQ7UlGHWZLWKDQPP WKLFNDVSKDOWSDYHPHQWDQGDPP WKLFNEDVHRQDVXEJUDGHRI
JUDYHO7KHDFFXPXODWHG WUDIILF ORDGSHU ODQHRYHU\HDUV LV1HNY KHDY\D[OHV  WRQ
5HVXOWVIURPSUHGLFWLRQDQGPHDVXUHGUXWWLQJVHH7DEOHDQG)LJXUH
2824   Anders Huvstig /  Procedia - Social and Behavioral Sciences  48 ( 2012 )  2816 – 2826 
x 5Y LQ1lVVM|ZLWKDQPP WKLFNDVSKDOWSDYHPHQWDQGDPPEDVHRQD VXEJUDGHRI VLOW\
PRUDLQH7KHDFFXPXODWHGWUDIILFORDGSHUODQHRYHU\HDUVLV1HNY KHDY\D[OHVWRQ
5HVXOWVIURPSUHGLFWLRQDQGPHDVXUHGUXWWLQJVHH7DEOH)LJXUHDQG)LJXUH
x 7KHUHVXOWVIURPWKHILYHRWKHU/773URDGVZHUHVLPLODUWRWKHUHVXOWIURP5YLQ1lVVM|

7DEOH3UHGLFWHGDQGPHDVXUHGUXWWLQJIRUWKUHHSURMHFWV

3URMHFW
3UHGLFWHGUXWWLQJLQPP 0HDVXUHGUXWWLQJLQPP
3DYHPHQW %DVH6XEJU 7RWDO 3DYHPHQW %DVH6XEJU 7RWDO
(LQ+DOODQG      
5YLQ7UDGHW    PP PP 
5YLQ1DVVMR    ±PP &D &D

)LJ0HDVXUHGUXWWLQJRQ/773URDG5YLQ7UlGHWFRPSDUHGZLWKWKHFDOFXODWHGYDOXH
7KHVHDUHYHU\JRRGUHVXOWVZLWKEDFNJURXQGRIXQFHUWDLQWLHVLQWKHPHDVXUHPHQWVWKHPRGHODQGWKH
FKRVHQSDUDPHWHUV6RPHFRPPHQWVDERXWWKHUHVXOWVDUH
x 7KH VWUHVV OHYHOV IRU WKH( LQ+DOODQG DQG WKH5Y  LQ 7UlGHW DUH EHORZ WKH ³3ODVWLF 6KDNHGRZQ
/LPLW´
x )RU5YLQ1lVVM|WKHSUHGLFWHGUXWWLQJLVUHDFKHGDIWHUDERXWWKUHH\HDUVPP8SWRWKLVGDWH
WKHGHIRUPDWLRQJURZVUHODWLYHO\UDSLGO\$IWHUWKUHH\HDUV WKHUDWHRIUXWGHYHORSPHQWGHFUHDVHWRD
FRQVWDQW LQFUHDVHV LQ UXW GHSWK HDFK \HDU VHH)LJXUH 7KLV FRXOGEH H[SODLQHGE\ZKDWZH NQRZ
DERXWXQERXQGPDWHULDOEHKDYLRXU7KHILUVWUHODWLYHO\UDSLGSKDVHGHSHQGVPDLQO\RQWKHFRPSDFWLRQ
RIWKHPDWHULDODQGWKHVHFRQGSKDVHGHSHQGVRQWKHDPRXQWRIFUHHSLQWKHPDWHULDO$QDQDO\VLVRIWKH
VWUHVVOHYHOLQWKHURDGVWUXFWXUHJLYHVWKHUHVXOWWKDWWKHVWUHVVOHYHOLVDERYHWKHFUHHSOLPLWDQGDOVR
DERYH WKH IDLOXUH OLPLW VHH )LJXUH  7KLV SUREDEO\ H[SODLQV WKH UHDVRQ IRU WKH FRQWLQXRXV UXWWLQJ
GXULQJ\HDUVWR
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
)LJ0HDVXUHGUXWGHYHORSPHQWRQVHFWLRQ6RIWKH/773URDG5YLQ1lVVM|


)LJ6WUHVVOHYHODWGLIIHUHQWOHYHOVLQWKHURDGVWUXFWXUHRI5YLQ1lVVM|
&RQFOXVLRQV
x 7KHVKDNHGRZQWKHRU\LVDOVRYDOLGIRUUHDOURDGV
x 7KH WHVW VHFWLRQVZKLFK KDG WKHPRVW UXWWLQJ DOVRKDG WKHPRVW FUDFNLQJ DQG URXJKQHVV7KHPDLQ
UHDVRQLVSUREDEO\EHFDXVHWKHKLJKHUVWUHVVOHYHOVLQWKHURDGVWUXFWXUHKDGDQLQIOXHQFHRQDOO WKHVH
SHUIRUPDQFHIDFWRUV
x ,WZDVSRVVLEOH WRFDOFXODWH WKHSHUPDQHQWGHIRUPDWLRQV LQ WKHELWXPLQRXVERXQG OD\HUVZLWKDJRRG
OHYHORIDFFXUDF\IRUWKHLQYHVWLJDWHGURDGV7KHSDUDPHWHUVIURPWKHWHVWURDGWKH(LQ+DOODQGKDYH
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EHHQXVHGIRUDOOURDGVZLWKDJRRGUHVXOW7KHVHSDUDPHWHUVFRXOGEHXVHGDVVWDQGDUGSDUDPHWHUVIRU
PDQ\URDGVLQ6ZHGHQDQGRWKHUFRXQWULHVZLWKVLPLODUDVSKDOWSDYHPHQWV
x ,WZDVSRVVLEOHWRSUHGLFWWKHSHUPDQHQWGHIRUPDWLRQVUXWWLQJLQDURDGZLWKJRRGOHYHOVRIDFFXUDF\
ZKHQ WKH VWUHVV OHYHO LQ WKH URDG VWUXFWXUH ZDV EHORZ WKH ³3ODVWLF 6KDNHGRZQ /LPLW´ 7KLV W\SH RI
UXWWLQJLVFDOOHG³&RPSDFWLRQ´
x ,IWKHVHFDOFXODWLRQVJLYHDFFXUDWHUHVXOWVLWLVLPSRUWDQWWRXVHWKHFRUUHFWSDUDPHWHUVIURPPDWHULDORQ
VLWHZKLFKKDVEHHQWHVWHGLQWULD[LDOWHVWV
x ,WLVQHFHVVDU\WRXVHDFDOFXODWLRQPRGHOZKLFKFDQVLPXODWHWKHUHDOHODVWLFEHKDYLRXURIWKHDVSKDOW
PDWHULDOWKHQRQOLQHDUEHKDYLRXURIWKHXQERXQGPDWHULDODQGWKHUHDOJHRPHWU\RIWKHURDGLQRUGHU
WRREWDLQWKHPRVWUHDOLVWLFYDOXHRIWKHVWUHVVOHYHODVSRVVLEOH
x )RUVWUHVVOHYHOVDERYHWKH³3ODVWLF6KDNHGRZQ/LPLW´WKHUHLVSUREDEO\DOVRDFUHHSLQWKHXQERXQG
IULFWLRQPDWHULDOZKLFK LVSURSRUWLRQDO WR WKHDPRXQWRISDVVLQJKHDY\D[OH ORDGV:LWK WKHKHOSRI
UXWWLQJPHDVXUHPHQWVRQVLPLODUURDGVLWFRXOGEHSRVVLEOHWRHVWLPDWHWKLVUXWWLQJ7KLVW\SHRIUXWWLQJ
LVFDOOHG³&UHHS´
x 7KHWRWDODPRXQWRIIXWXUHUXWWLQJLVWKHVXPRI³&RPSDFWLRQDQG³&UHHS´
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